Aims Coronary dissections left untreated after percutaneous coronary intervention are associated with unfavourable outcomes. However, their role after drug-eluting stent (DES) implantation is still undescribed. We assessed incidence, predictors, and outcomes of residual dissections in DES-treated lesions. Methods and results Consecutive patients undergoing DES implantation were enrolled in four Italian centres, with baseline, procedural, and outcome data entered into a dedicated database. Residual dissections were classified according to the National Heart Lung and Blood Institute criteria. End-points of interest were in-hospital, 1-month, and 6-month major adverse cardiovascular events (MACE, i.e. death, myocardial infarction, or target vessel revascularization), and stent thrombosis (ST). Among the 2418 included patients (4630 lesions), a total of 77 (1.7%) final dissections occurred in 67 (2.8%) subjects. Dissections were more frequent in longer and complex lesions and in the left anterior descending, and were associated with increased rates of in-hospital (11.9 vs. 5.2%, P ¼ 0.017) and 1-month MACE (13.4 vs. 6.0%, P ¼ 0.013), with similar 6-month trends. Cumulative ST was also greater in patients with dissections (6.3 vs. 1.3%, P ¼ 0.011). Even non-obstructive dissections with thrombolysis in myocardial infarction 3 flow conferred a significantly worse prognosis. Conclusion This study, reporting for the first time on incidence, predictors, and outcomes of residual dissections in DES-treated coronary lesions, demonstrates their adverse clinical impact and supports the pursuit of a strategy of sealing dissection flaps with other DES.
Introduction
Residual final dissections left untreated after percutaneous coronary interventions (PCI) are significantly associated with increased short-term risk of major adverse cardiovascular events (MACE) . 1 This holds true for balloon-only angioplasty, as well as for debulking devices, and bare-metal stents (BMS). [1] [2] [3] Indeed, flow-limiting dissections occurring during or at the end of the procedure and persisting postprocedurally may be a consequence of extensive vessel trauma and/or lesion complexity and can provide a prothrombotic milieu leading to abrupt vessel closure, thrombosis, with ensuing myocardial ischaemia and necrosis. 1 However, the adverse role of minor and non-obstructive post-procedural dissections have been questioned for both in-hospital and mid-to-long term events, including target lesion revascularizations. [4] [5] [6] In the last few years, drug-eluting stents (DES) have been widely adopted as the most effective antirestenotic strategy in patients undergoing PCI. 7 However, doubts have been raised regarding the safety of these devices, especially in the light of anedoctal reports of increased thrombogenicity. 8, 9 Although the occurrence of final residual dissections may have been reduced in the DES era, 10 thanks to gentler pre-dilation techniques, more limited use of debulking devices, and the strategy of deploying the DES 'from & The European Society of Cardiology 2005. All rights reserved. For Permissions, please e-mail: journals.permissions@oxfordjournals.org normal to normal', there is uncertainty on the real impact of such post-procedural dissections after deployment of DES.
Aim of this study was thus to assess incidence, predictors, and outcomes of final dissections after DES implantation.
Methods Study design, patients, and procedures
The Real-world Eluting-stent Comparative Italian retrosPective Evaluation (RECIPE) was a multicentre retrospective study enrolling all consecutive patients undergoing successful DES implantation at four Italian tertiary care centres between April 2002 and May 2004, including both elective and acute admissions, without any exclusion. By design, the RECIPE study employed dedicated databases for data entry, explicit definitions for baseline and procedural characteristics, independent clinical-event committee-based endpoint adjudication, and on-site qualitative and quantitative angiographic analysis. The decision to implant a DES was liberal and at the operator's discretion, although, conversely, patients over 75 years old with acute myocardial infarction (MI) were not treated with DES in any of the participating centres and were thus not enrolled in the study.
At the beginning of the procedure, a bolus of unfractionated heparin was administered at a dose of 70 IU/kg to achieve an activated clotting time 250 s. Glycoprotein IIb/IIIa (GpIIb/IIIa) inhibitors were used electively or as bail-out at the discretion of the operator. Patients were on life-long aspirin (100 mg per day) and were started on oral thienopyridines 3 days before elective procedures, with a 300-mg clopidogrel loading dose administered in non-pre-treated patients. All subjects provided written informed consent, the study complied with the Declaration of Helsinki, and explicit Ethics Committee approval was waived at the participating institutions given the non-experimental design of the study. Patients were discharged after the procedure on oral thienopyridines for 6-12 months plus aspirin indefinitely.
Coronary angioplasty and stenting were performed with the aim to fully cover the diseased segment and to accomplish adequate stent expansion. 11 In the case of dissection after stent deployment, the recommended management strategy was either to refrain from further percutaneous manoeuvres because the dissection was not associated with impaired epicardial flow or myocardial ischaemia, or to try manage it percutaneously. In this case, operators either tried to deploy further stents to cover the intimal flaps or to perform prolonged balloon inflations for dissection sealing. Whenever dissections were resistant to balloon inflations and stenting approaches were not feasible for lesion characteristics (e.g. due to very distal lesion, calcifications, or vessel tortuosity) or for the impossibility of tracking other DES in place (e.g. bifurcation), dissections were left in place and managed conservatively.
Patients were followed-up by direct check of hospital charts (e.g. in the case of urgent re-hospitalization or elective follow-up angiography), direct patient visit, phone interview, or contact with referring physicians.
Angiographic analysis
Dissections occurring proximally or distally to the deployed DES were adjudicated off-line by an experienced angiographer working in a core angiographic laboratory of the respective participating centre and distinguished as occurring before vs. after stent implantation and/or post-dilation. Guidelines for dissection adjudication were spelled out in the steering phase of the RECIPE study, before the beginning of angiographic analysis and data collection. Only dissections occurring either before or after stent implantation but persisting after the last balloon inflation were adjudicated as 'final dissections' and thus assigned to the final dissection group. Conversely, dissections sealed with stents or balloon inflations were considered as non-persistent dissections and were assigned to the no final dissection group.
Residual final dissections were classified according to the National Heart Lung and Blood Institute (NHLBI) criteria: (i) minor radiolucent areas within the coronary lumen during contrast injection, with little or no persistence of contrast after the dye has cleared, (ii) parallel tracts or a double lumen separated by a radiolucent area during contrast injection, with minimal or no persistence after dye clearance, (iii) contrast outside the coronary lumen with persistence of contrast after dye has cleared from the lumen, (iv) spiral luminal filling defects, (v) appearance of a new, persistent filling defects within the coronary lumen, and (vi) dissections leading to total occlusion of the coronary lumen without distal antegrade flow.
1,2 Final distal coronary flow was assessed according to the epicardial thrombolysis in myocardial infarction (TIMI) flow classification (from 0 to 3) in patients without persistent dissections and in those with dissections type A-E. Quantitative coronary angiography analysis was performed at baseline and for patients with available angiographic follow-up according to established standards and was conducted in each participating centre in a fashion similar to dissection adjudication and according to pre-specified criteria. 12 Follow-up angiography was performed when clinically indicated (i.e. in patients with signs or symptoms of recurrent myocardial ischaemia) or routinely between 4 and 9 months in specified high-risk subsets (unprotected left main, chronic total occlusion, in-stent restenosis).
Clinical end-points
The primary end-point of the analysis was the 1-month hierarchical rate of MACE [i.e. the composite of death, MI, or target vessel revascularization (TVR)]. The secondary end-points were the individual rates of 1-month adverse events, as well as the hierarchical rate of MACE and of its individual components at 6 months. In-hospital MI was assessed in patients without acute MI as admitting diagnosis and distinguished as Q-wave (defined as new pathological Q-waves in 2 contiguous ECG leads) vs. non-Q-wave (peak CK . 2 times the upper limit of normal together with increased CK-MB mass). We finally assessed the early and mid-term rate of stent thrombosis (ST). Specifically, ST was adjudicated only in the case of angiographically documented intraluminal filling defect within the stent resulting in TIMI grade 0 or 1 anterograde flow associated with clinical symptoms or signs of ischaemia and distinguished as intraprocedural (occurring during the stenting procedure or after sheath removal but before leaving the catheterization laboratory), subacute (occurring 30 days but after leaving the catheterization laboratory), or late (.30 days after PCI). All the events were assessed by an independent clinical event committee.
Statistical analysis
Continuous variables are presented as mean + standard deviation, categorical variables as n/N (%), odds ratios as OR, and pertinent 95% confidence intervals as CI. Student's t, Mann-Whitney U, x 2 , and Fisher exact tests were computed when appropriate. Exploratory multivariable logistic regression analysis by means of a backward stepwise algorithm (cut-off for entry 0.05, for removal 0.10) was performed to select independent predictors of dissections and to test the adjusted prognostic role of dissections for 1-month MACE (including the variables associated with the occurrence of final dissection at univariate analysis, including direct stenting, final maximum device length, American College of Cardiology/American Heart Association (ACC/AHA) lesion type, chronic total occlusion, calcific lesion, intraprocedural dissection, bifurcation with balloon-only dilation of the side branch, use of GpIIb/IIIa inhibitors, and vessel site). Model assumptions (including linearity of logits and absence of collinearity) were checked by means of graphical inspection and correlation matrixes, respectively, and found to be satisfied. Goodness of fit of the final logistic regression models was assessed with the Hosmer-Lemeshow statistic. 13 Internal validation of predictors generated by multivariable logistic regression analysis was performed by means of bootstrapping techniques, with 1000 cycles and generation of OR and biascorrected 95% CI. 14 SPSS 11.0 (SPSS, Chicago, IL, USA), StatsDirect 2.4.4 (StatsDirect, Sale, UK), and Epi-Info 5 (CDC, Atlanta, GA, USA) were used for these calculations. Significance for hypothesis testing was set at the 0.05 two-tailed level.
Results
Among the 2418 patients included in the study, undergoing percutaneous coronary intervention in 4630 lesions, with 1.1 + 0.5 DES implanted per lesion, a total of 77 (1.7% of all lesions) final persistent dissections occurred in 67 (2.8% of all patients) subjects. Tables 1 and 2 show major baseline and procedural characteristics in patients with vs. those without residual dissections. Dissection type was A in 23 (29.9%) cases, B in 32 (41.6%), C in 11 (14.3%), D in 5 (6.5%), E in 1 (1.3%), and F in 5 (6.5%). Moreover, they were proximal to the DES in 24 (31.7%) cases and distal in 47 (61.0%). Normal distal epicardial flow (i.e. TIMI 3) was present in 61 (80.2%) dissections. Specific reasons for leaving uncovered final dissections as reported by the operators were limited dye staining in the target lesion with normal distal flow (n ¼ 42, 54.5%), side branch dissection after balloon-only angioplasty for optimization of bifurcation treatment with provisional T-stenting technique (n ¼ 6, 7.8%), or undeliverability of further stents because of distal location or major vessel tortuosity (n ¼ 29, 37.7%).
Predictors of final dissections
Overall, final dissections occurred with increased frequency, as expected, in longer and more complex lesions, in the left anterior descending territory, and whenever side branch dilation by means of balloon-only angioplasty was performed. A thorough list of factors associated with the presence of residual dissections is available in Tables 1 and 2 . Furthermore, the development of dissection before stenting was strictly associated with a persistent post-procedural dissection (P , 0.001) and reduced final TIMI flow (i.e. ,3, P , 0.001).
Early and mid-term outcomes
One-month follow-up had been completed in 2386 (98.7%) patients and 6-month follow-up in 2342 (96.9%). Angiographic follow-up had been performed in 946 (40.2%) patients, 32 of whom with dissections and 914 without.
Residual dissections were associated with significantly increased rates of in-hospital MACE (11.9 vs. 5.2%, P ¼ 0.017) as well as 1-month MACE (13.4 vs. 6.0%, P ¼ 0.013), coronary artery bypass grafting (CABG, 3.0 vs. 0.1%, P ¼ 0.004), and TVR (4.5 vs. 0.9%, P ¼ 0.029). Sixmonth adverse events also tended to be more frequent in patients with residual dissections, with 18.5 vs. 11.2% MACE (P ¼ 0.069). In particular, death rate was three-fold and significantly higher in patients with final dissections (6.0 vs. 2.0%, P ¼ 0.043), with angiographically adjudicated subacute ST occurring in one patient and non-sudden cardiac ischaemic death accounting for the remaining three cases. Given the lack of post-mortem assessment, ST was not adjudicated, despite being quite plausible. Conversely, the occurrence of dissections did not seem to exert a detrimental effect on the antirestenotic action of implanted DES, as TVR were similar in the two groups (6.0 vs. 5.2%, P ¼ 0.777). Further details are available in Table 3 .
The ominous impact of final dissections was demonstrated by a significant increase in the cumulative rate of ST (6.3% in patients with dissections vs. 1.3% in those without, P ¼ 0.011), with all of the excess ST occurring either intraprocedurally or within 1 month.
Patients with dissections occurring proximal or distal to the stent had similar rates of adverse events both in-hospital and 1-month follow-up (P . 0.05 for all comparisons). The reasons for leaving uncovered final dissections, as reported by the operators, were not significantly associated with in-hospital or post-discharge adverse events (P . 0.05), probably because of the relative small sample for this subgroup analysis (with the inherent risk of alpha error).
Finally, even non-obstructive dissections with normal (i.e. 24 (63.2%), improvement of dissections in 7 (18.4%), and persistence in 6 (15.8%), with only one case (2.6%) of late worsening. Indeed, this was a patient with post-rotablator dissection in a mid-right coronary artery, persisting at the distal edge of a Cypher stent as a type C dissection. At angiographic follow-up after 9 months, performed for atypical chest pain in the absence of major adverse events, the dissection was still apparent and was graded as type E. Results of this angiographic follow-up subanalysis should however be viewed with caution, given low rate of angiographic follow-up and the lack of intravascular ultrasound (IVUS) assessment.
Exploratory multivariable analysis
Multivariable logistic regression analysis identified the presence of moderate-to-severe coronary calcification (OR ¼ 1.93, 95% CI ¼ 1.06-3.5, P ¼ 0.032) and maximum balloon length, a proxy for lesion length and atherosclerotic burden (related to the presence of diffuse disease or tandem lesions) (OR ¼ 1.03, CI ¼ 1.01-1.05, P , 0.001 for each millimetre), as independent predictors of the occurrence of final dissections. Logistic regression to test the independent predictive role of final dissections on the occurrence of 1-month MACE, and Given the non-systematic angiographic follow-up and the inherent risk of overestimating restenosis, the 6-month angiographic analysis is merely comparative and absolute figures should be viewed with caution.
including in the backwards stepwise algorithm target vessel, revascularization technique (stenting vs. balloon-only), stenting technique (direct vs. with pre-dilation), maximum balloon length, occurrence of dissection before stenting, American College of Cardiology/American Heart Association lesion type, use of GpIIb/IIIa inhibitors, and whether the lesion was calcific or a chronic total occlusion, showed that the presence of a residual final dissection maintained an independent predictor ability for early events (OR ¼ 2.9, CI ¼ 1.36-6.1, P ¼ 0.005). Internal validation of such multivariable analysis by means of bootstrapping, including the same variables of the standard logistic regression model, further confirmed the significant predictive of final dissections (bootstrap OR ¼ 2.9, 95% bias-corrected 95% CI ¼ 1.09-5.6). Finally, both logistic regression models appeared in adequate fit with the data, as testified by Hosmer-Lemeshow statistics (P ¼ 0.791 and P ¼ 0.921, respectively).
Discussion
This study, reporting for the first time on the incidence, occurrence, and outcomes of final residual dissections after DES implantation, confirms the detrimental clinical impact of this procedural complication, as testified by the significantly increased rate of early and mid-term adverse events. Thus, it provides compelling data in support of a strategy of managing residual dissections until they are completely sealed, e.g. by prolonged balloon inflations or additional stent implantation.
Coronary dissections occur frequently after balloon dilation of coronary atherosclerotic plaques (e.g. in 32.4% of 2133 procedures performed in the pre-stent era) 15 and should be considered not only as a complication, 16 but also as part of the therapeutic mechanism of coronary angioplasty. 17 Indeed, plaque fracture and tearing are critical in plaque redistribution and reduction of elastic recoil, as well as in later positive coronary remodelling. 18 However, plaque disruption with exposure of its prothrombotic milieu and concomitant intimal flaps may promote thrombosis and distal embolization or even impair distal flow directly when large dissections are present. These pathophysiological data underlie the association between angiographically evident coronary dissections and adverse clinical outcomes. This relationship has been well known since the beginning of interventional cardiology and holds true in the balloon-only era as well in the BMS and debulking device era, even if mechanisms and impact of dissections vary obviously according to the ethiological mechanism. 16, 19, 20 In fact, persistent dissections after BMS are significantly associated (OR ¼ 3.8, CI ¼ 1.9-7.7) with the occurrence of subacute ST. 20 Dissections do not seem, conversely, to increase restenosis after PCI, and Cappelletti et al. 6 showed that benign non-occlusive (type A-D) dissections after balloon-only angioplasty were associated with a significantly decreased risk of restenosis (P , 0.001) and apparently favourable clinical outcomes. IVUS also demonstrated that minor dissections occurring at the edge of BMS do not seem to increase the risk of restenosis. 4, 5 However, the detrimental clinical role of final dissections on major adverse thrombotic events such as ST has been confirmed by systematic IVUS studies in the BMS era, even in the presence of optimal antiplatelet therapy. 21 
Coronary dissections in the DES era
The occurrence of dissections after DES implantation is incompletely characterized, and to date, no study has reported specific data concerning their incidence, predictors, or prognosis. Any comparison to other evidencebased data is thus impossible. Nonetheless, residual dissections next to implanted DES have the potential to cause slow or turbulent flow and platelet activation, thus predisposing to ST, with its ominous consequences. 22 Some preliminary reports have provided insights into the increased occurrence of ST in the DES era, both acutely and in the mid-to-long term. 8, 9, 23 Although the interplay between the potential prothrombotic role of DES and dissections is still unclear, several studies have investigated the presence and outcome of dissections in coronary lesions treated with brachytherapy. Indeed, coronary radiation therapy for the prevention or treatment of restenosis may provide important information on the natural history of coronary dissections in lesions where repair and scarring mechanisms are impaired similar to DES-treated lesions. Specifically, Kay et al. 24 have shown that after intracoronary beta radiation, healing of coronary dissections is impaired in certain individuals (from 16 postprocedural dissections to eight unhealed dissections at 6-month follow-up). McClean et al. 25 also provided anecdotic evidence of delayed healing of a dissection after intracoronary radiation at 6-month angiographic follow-up, which yielded to significant restenosis 14 months after the index procedure. These data have been largely discussed and might provide, at least in part, an explanation for the persistent long-term risk of ST after coronary brachytherapy.
The extent to which delayed healing and re-endothelialization affect also post-DES coronary dissections is however unclear and should be the specific focus of future pathological and IVUS studies. Intriguingly, delayed re-endothelialization of stent struts and local inflammatory reactions after DES implantation have been described and might have a synergistic detrimental effect with the prothrombotic role of intimal flaps. 26, 27 Given the previous evidence on the role of dissections in the bare-metal and brachytherapy era, our findings appear broadly concordant with previous evidence on their clinical detrimental role. Dissections in BMS were associated with ST with an OR of 3.8, quite similar to the 2.9 OR for 1-month MACE found in the present analysis. 20 However, other factors may as well be considered of relevance in the DES era. Despite the improvements in adjunctive medical therapy (i.e. GpIIb/IIIa inhibition and long-term thienopyridine use), the pattern of patients undergoing coronary revascularization has dramatically changed. This is testified by the inclusion of complex lesion and patient subsets in the present study, including unprotected left main, acute MI, and chronic total occlusions, among the others. Indeed, our findings show that final dissections in DES-treated lesions are associated with unfavourable events both early and at mid-term follow-up. Such adverse events are likely to stem from coronary thrombosis, either in-stent or peristent, eventually leading to death, non-fatal MI, urgent TVR, or bypass grafting. This detrimental impact of final dissections is probably due to the greater patient and lesion complexity pattern in the DES era. However, given the non-experimental design and the inherent risk of confounding, the clustering of several unfavourable risk factors in the same patients experiencing final dissections cannot be excluded. Indeed, patients with coronary dissections represent a small but very high-risk group of subjects, with many additional problems and risk-factors, both present and acquired during the procedure, which may contribute to the increased adverse event rate and likely to complicate any mechanistic analysis.
Management strategies for coronary dissections have not been a specific aim of controlled clinical studies, to date, and thus any recommendation can only be based on indirect evidence or expert opinion. However, many authorities have suggested that whenever a dissection cannot be sealed by means of stents or prolonged balloon inflations, maximal medical therapy should be enforced (including GpIIb/IIIa inhibitors and/or anticoagulants) and CABG be considered in the case of impaired TIMI flow in a proximal lesion or refractory myocardial ischaemia. 1 Such recommendations probably hold true even in the DES era. Nonetheless, considering the propensity for edge (,5 mm) or more distal restenosis near deployed DES whenever lesions are treated with balloon-only angioplasty, and the high risk of ST if thienopyridines are withheld in the case of CABG, we suggest that every effort should be enforced to deploy further DES in order to completely seal a coronary dissection occurring in or near a DES-treated lesion, and to prolong double antiplatelet treatment for several months (.6) after discharge. Nonetheless, other potentially useful interventions to be considered in the light of the individual risk-benefit balance include double-dose clopidogrel and/or additional antiplatelet treatment with trapidil in addition to bailout GpIIb/IIIa inhibitors.
Finally, the role of IVUS in better defining the management of dissections should not be dismissed. Although angiography has a very limited discriminatory power in identifying low-risk dissections, an IVUS cross-sectional area .4.5 mm 2 or .70% of the reference vessel cross-sectional area should be considered a reliable hint that the index dissection is not likely to bear adverse consequences. 28 Unfortunately, cost and logistic hurdles obviously limit the scientific testing and clinical application of this strategy.
Limitations of the present study
Drawbacks of this work are inherent to any non-experimental and retrospective study and include selection bias, adjudication bias, and confounding. 29 While we tried to address these potential sources of systematic error by systematic data entry, independent event adjudication, and thorough univariate and multivariable analyses, the risk of persistent underlying bias should be borne in mind. However, dissections are quite uncommon and logistic, technical, but especially ethical issues would likely make unfeasible any randomized controlled trial concerning their optimal management. Moreover, the non-systematic angiographic follow-up and the inherent risk of overestimating restenosis undermine the relevance of the 6-month quantitative angiographic analysis, which should be viewed with caution and as exploratory only. Concerning the specific limitations of internal validation of predictive models, we have tried to confirm the reliability of our analysis by means of bootstrap resampling.
14 However, the limitations of this approach should be borne in mind while awaiting further independent external validating studies. 30 
Conclusions
Dissections left untreated after DES implantation may have a major adverse clinical impact at both early and mid-term follow-up. Thus, given that more and more complex lesions, with their inherent risk of thrombosis, are currently being treated with DES, and the continuing difficulty for angiography to well evaluate if a dissection is benign or not, while awaiting further prospective and validation studies, these novel findings should prompt interventionalists to pursue a strategy of managing residual dissections in DES-treated lesions by completely covering intimal flaps with additional stents.
